Stomatal anatomical traits and rapid responses to several components of visible light were measured in Tilia cordata Mill. seedlings grown in an open, fully sunlit field (C-set), or under different kinds of shade. The main questions were: (i) stomatal responses to which visible light spectrum regions are modified by growth-environment shade and (ii) which separate component of vegetational shade is most effective in eliciting the acclimation effects of the full vegetational shade. We found that stomatal opening in response to red or green light did not differ between the plants grown in the different environments. Stomatal response to blue light was increased (in comparison with that of C-set) in the leaves grown in full vegetational shade (IABW-set), in attenuated UVAB irradiance (AB-set) or in decreased light intensity (neutral shade) plus attenuated UVAB irradiance (IAB-set). In all sets, the addition of green light-two or four times stronger-into induction light barely changed the rate of the blue-light-stimulated stomatal opening. In the AB-set, stomatal response to blue light equalled the strong IABW-set response. In attenuated UVB-grown leaves, stomatal response fell midway between IABW-and C-set results. Blue light response by neutral shade-grown leaves did not differ from that of the C-set, and the response by the IAB-set did not differ from that of the AB-set. Stomatal size was not modified by growth environments. Stomatal density and index were remarkably decreased only in the IABW-and IAB-sets. It was concluded that differences in white light responses between T. cordata leaves grown in different light environments are caused only by their different blue light response. Differences in stomatal sensitivity are not dependent on altered stomatal anatomy. Attenuated UVAB irradiance is the most efficient component of vegetational shade in stimulating acclimation of stomata, whereas decreased light intensity plays a minor role.
Introduction
The degree at which the stomata open is strongly dependent upon light levels. The stomatal openness increases in response to an increase in light intensity, and decreases in response to a decrease in light intensity. Through the stomata, CO 2 moves from atmospheric air towards the leaf's photosynthesizing cells, and water vapour moves from the leaf into the atmosphere. Thus, the stomatal opening allows more CO 2 to enter into the leaf's photosynthesis apparatus in conditions in which there is light, and the stomatal closure decreases the leaf's water loss levels in conditions in which there is no light (Nobel 1991) . In spite of the great importance of stomatal light responses in terms of both leaf carbon gain and water relations, there are still many points in the mechanism and the acclimation of the responses that are poorly understood.
White light includes different colours, and thus the response of stomata to white light is the sum of the stomatal responses to these white light components (Talbott et al. 2006 , Shimazaki et al. 2007 ). The various colours have different effects on the stomatal openness (and on the stomatal conductance to the gases). Stomata open most quickly in response to blue light (Sharkey and Ogawa 1987, Dumont et al. 2013) . Their red light response is also significant (Olsen et al. 2002 , Boccalandro et al. 2012 . Green light alone has only a slight effect on stomatal conductance (Talbott et al. 2002a , 2002b , Wang et al. 2011 . However, if provided together with blue light, green light produces a significant decrease in the blue-light-stimulated opening of stomata (Frechilla et al. 2000 , Talbott et al. 2002a , 2002b . It is known that stomatal sensitivity (i.e., the strength of the stomatal response) to white light differs between plants that are of the same species, but grown in different environments (Tinoco-Ojanguren and Pearcy 1992, Poudel 2013) or even between leaves from different positions of foliage on the same plant (Hamerlynck and Knapp 1994 , Sellin and Kupper 2004 . Despite this, a specific question that has received very little attention is: stomatal sensitivity to which component(s) of white light is modified by the growth environment? We found in our previous study that stomatal sensitivity to red light was enhanced in shade-grown leaves of Nothofagus alpina, while sensitivity to blue light was raised, and the inhibiting effect of green light on blue-light-stimulated opening was not raised (Aasamaa and Aphalo 2016) . It is not known whether the 'colour pattern' in the acclimation of stomatal white light response is similar in other species. Is the blue light response only switched on or off during acclimation, or is it also possible to increase and decrease this response significantly?
Vegetational shade-the shade that is generated by shoots of taller plants, forming a canopy-is classed as being the predominant ambient shade. Under vegetational shade, the irradiance levels for all radiation wavelengths (from UV to far-red) are lower than in full sunlight. And yet in addition to this, the percentage of green and far-red lights is increased due to their enhanced reflection and transmission by leaves (Franklin 2008 , Casal 2013 . Therefore, vegetational shade consists of several different components. It has been found that the strength of the morphogenetic effect of the separate components of vegetational shade is different on several plant characteristics, for example, on the growth rate (Ballaré et al. 1991 , Pierik et al. 2004 , Tao et al. 2008 ). In our previous study, we found that the shade component 'attenuated UVAB irradiance' was almost as efficient as was full vegetational shade when it came to stimulating the acclimation of stomatal light sensitivities (Aasamaa and Aphalo 2016 ). Yet it is not known whether UVA and UVB together or only one of these needs to be excluded from sunlight in order to trigger the 'shade-leaf mode' acclimation of stomatal light sensitivities.
Information about the vegetational shade effect on the stomatal anatomy of woody plants is species-dependent and is also versatile. It is often found that in vegetational shade-grown leaves, stomatal size is bigger (Abrams and Kubiske 1990 , Cao 2000 , Rossatto and Kolb 2010 and stomatal density (SD) (Ashton and Berlyn 1992 , Lombardini et al. 2009 , Brodribb and Jordan 2011 and stomatal index (SI) (Ashton and Berlyn 1994 , Kürschner 1997 , Sun et al. 2003 are smaller than in sun-grown leaves. Yet in numerous studies, it has been found that stomatal size is similar or smaller (Cao 2000 , Sack et al. 2003 , Gratani et al. 2006 , and SD (Abrams and Kubiske 1990 , Nardini et al. 2012 , Zhou et al. 2012 or SI (Pereira et al. 2009 ) is similar or bigger in vegetational shade-grown leaves when compared with sun-grown leaves of the same woody plant species. It is not known which variations in stomatal anatomy accompany the differences in stomatal sensitivity to light intensity increase between sun-grown and shade-grown leaves.
Shade-tolerant plant species are species that can thrive in shade, by efficiently absorbing and using the scanty light resource. Though the morphophysiological basis of shade tolerance has been an object of study for quite some time (Boardman 1977 , Ruberti et al. 2012 , Pierik and de Wit 2014 , some aspects of it are still unclear. It is known that stomatal light sensitivity in shade-tolerant species is higher than the sensitivity of shade-intolerant species, even if the leaves have grown in full sunlight Sõber 2011, Aasamaa and Aphalo 2016) . Moreover, we found in our previous study that in shadegrown leaves the light sensitivity levels of shade-tolerant species were significantly increased, but the sensitivity levels of shadeintolerant species were similar to that of sun-grown leaves (Aasamaa and Aphalo 2016 ). Yet, this phenomenon needs more attention so that it can be decided whether the shadeinduced increase in stomatal light sensitivity levels is part of the morphophysiological basis of shade tolerance.
In the current study, stomatal responses to red, blue and green lights and the stomatal anatomical characteristics were measured in the shade-tolerant deciduous tree species Tilia cordata Mill., which was either grown in full sunlight, under vegetational shade or under several single components of the vegetational shade. The main questions that were posed in this study were: (i) Stomatal responses to which component of light-red, blue or green-differ between leaves that have been grown in different light conditions? (ii) Which of the separate components of vegetational shade is most efficient in eliciting the acclimation effect of full vegetational shade on stomatal light sensitivities and anatomy?
Materials and methods

Plants
Tilia cordata Mill., a shade-tolerant temperate deciduous tree species (Laas 1987 , Ellenberg 1998 , was selected for study. Seedlings grew for their first 5 years in a stand that was exposed to full sunlight in Mäntyharju, Finland (61°30′N and 26°51′E) . In autumn during their fifth year of growth, the seedlings, which Tree Physiology Volume 37, 2017 had reached a height of~15 cm, were planted into 3 l pots, using a soil made of peat White 420 F6 (Kekkilä Oy, Vantaa, Finland), mixed soil from Betula pendula and T. cordata forest growing sites, sand (Saint-Gobain Weber Oy Ab, Helsinki, Finland), and vermiculite (Vermipu Oy, Lapinjärvi, Finland) (5.3:2:1.8:0.9), and fertilized (2 g l −1 ) with Osmocote Exact (Oy Habitec AB, Vantaa, Finland) (15% N; 3.9 P; 10 K; 1.5 Mg; 0.45 Fe; 0.06 Mn; 0.056 Cu; 0.025 Mo; 0.02 B; 0.02 Zn). The pots were buried (up to the upper rim of the pot) in the soil in a field in Helsinki, Finland (60°14′N and 25°1′E) for winter. In spring, shortly before the budding began, the pots were removed from the soil and placed under six different types of light filter, still in the field. All of the plants were kept wellwatered. Other environmental conditions that were present in the field are given in Figure 1 . The light filter types were: (i) control (C-set)-near-ambient full solar spectrum,~90% light transmission, polyethylene, 04 PE-LD (Etola Group, Helsinki, Finland); (ii) light intensity decreasing (neutral) shade (I-set)-full-spectrum (neutral density) shade,~70% lower light transmission than for the C-set filter, with layers of perforated mirror plastic E-Colour #270 Scrim (Roscolab Ltd, London, UK) plus the polyethylene filter; (iii) UVB-attenuating shade (B-set)-UVB blocking,~90% photosynthetically active radiation (PAR) transmission, polyester Autostat CT5 (MacDermid Autotype Ltd, Wantage, UK); (iv) UVA-and UVB-attenuating shade (AB-set)-UVA and UVB blocking,~90% PAR transmission, polyethylene terephthalate, E-Colour #226 U.V. (Roscolab Ltd); (v) light intensity decreasing full-spectrum shade and UVA-and UVBattenuating shade together (IAB-set)-approximately 70% lower light transmission than for the C-set filter and UVAB blocking, with layers of the perforated mirror plastic E-Colour #270 Scrim and the UVA and UVB blocking polyethylene terephthalate EColour #226 UV; (vi) simulated full vegetational shade (light intensity decreasing, UVAB-attenuating and light wavelengths percentage modifying) (IABW-set)-UVA and UVB blocking, 70% lower (than for the C-set filter) and enhanced light transmission in green and far-red, polyethylene terephthalate, EColour #089 Moss Green (Roscolab Ltd). The light transmission spectra of the filters [measured with a UV-2501 PC UV-VIS spectrophotometer (Shimadzu Corp., Kyoto, Japan)] are given in Figure 2 , and the light conditions for the six sets are also depicted in Table 1 . The measurements for stomatal responses were taken between mid-July and mid-August. Before each measurement, the pot and its plant were carried into a dark laboratory where a candle was used as the source of very low light (<0.1 µmol m −2 s −1 PAR), and the temperature was maintained at or very close to 25°C. The acclimation period for the plants in the dark laboratory lasted for an average of 3 h. The stomatal conductance of all the different filter treatments stabilized Tree Physiology Online at http://www.treephys.oxfordjournals.org
with low values (a mean of 18 mmol m −2 s −1 ) in the darkness.
As the daily gradient in the results was missing, the experiments were carried out between morning and afternoon, still distributing the repetitions evenly throughout the day.
Determining stomatal light sensitivities
One leaf of the intact plant was clamped into the leaf chamber of a gas analyser LI-6400 (LI-COR Biosciences, Lincoln, NE, USA). Environmental conditions in the leaf chamber were: temperature 25°C, air humidity~60%, [CO 2 ] 380 ppm and darkness (initially). After stomatal conductance had stabilized in these conditions, the first induction light was switched on-red saturating (for photosynthesis) light (1900 μmol m −2 s
−1
). Following the increase and stabilization of stomatal conductance under the red saturating light (~0.5-1 h), the second induction light was switched on-this being one of the following lights [colour and intensity (μmol m −2 s −1 )]: blue150; blue75; green300; blue150 + green300; blue75 + green300. LED lights LED660N-66-60 (red), LED435-66-60 (blue) and LED525-66-60 (green) (Roithner Lasertechnik GmbH, Vienna, Austria) were used as the light sources. In order to exclude blue-green light in the green light source, the polyethylene terephthalate filter, E-Colour #015 Deep Straw (Roscolab Ltd) was placed over the green lights. The light spectra were measured with a Maya 2000Pro spectroradiometer (Ocean Optics, Dundelin, FL, USA) and the results are given in Figure 3 . Stomatal response (or sensitivity) to the switching on of the induction light was expressed as a maximum relative rate of change in stomatal conductance following the light being switched on. As stomatal conductance changed in an almost linear fashion over time near the maximum rate of change, stomatal sensitivity (s) was calculated as follows:
where Δg s is the difference in stomatal conductance in the region of the maximum rate of change for stomatal conductance, Δt is the time interval (~6 min) corresponding to Δg s andḡ s is the average stomatal conductance during this time interval.
Determining stomatal anatomical characteristics
Three healthy mature leaves were collected from each of 12 seedlings, from all of the six different sets (totalling 36 × 6 leaves), and were kept on a laboratory bench for between 2 and 3 h, in order to induce stomatal closure. The leaf surface imprints were prepared by using the nail varnish method (Hilu and Randall 1984) . The middle of the abaxial surface of the hypostomatous leaves was coated with clear nail varnish. The varnish imprints of the leaf surface were detached from the leaves and attached to microscope slides by means of clear tape. The slides were viewed and photographed with a Leica DM2500 M light microscope and the attached digital camera, a Leica DFC490 (Leica Microsystems CMS GmbH, Wetzlar, Germany). Cells were counted and the stomatal width, perimeter and pore length were measured using the ImageJ vers 1.48 image processing software (National Institutes of Health, Bethesda, MD, USA). The stomatal index (SI) was calculated as follows:
where SD is stomatal density-the number of stomata (with a mean of~30) in the 0.146 mm 2 leaf area-and ED is the number of epidermal cells in this area.
Statistics
The significance of the differences was assessed by factorial analysis of variance (ANOVA). Light conditions during growth were included in the model as two factors, UV irradiance attenuation and PAR attenuation, while the light treatment during the 
Tree Physiology Volume 37, 2017 measurement process was described by one variable each for blue and green lights. A separate analysis was conducted for data for the red light responses, as the timing of the measurement and the initial light acclimation were different. The model that was fitted to anatomical data was simpler as only the longterm filter treatments were relevant. In all cases, a factor describing field blocks was also included in the models fitted so as to use each filter frame as an experimental unit when comparing their long-term effect. Factorial ANOVA was followed by oneway ANOVA on subsets of the data in cases in which the test for an interaction period yielded P < 0.1. Pearson linear correlation coefficients (r Pearson ) and their P-values were calculated so that a study could be made of the relations between the characteristics of stomatal anatomy and the sensitivity of the sets.
Results
Stomatal responses to red light
When dark-adapted leaves were exposed to a saturating irradiance of red light, stomatal conductance increased. The rate of the increase in stomatal conductance in the five shade-grown sets did not significantly differ from the rate in those leaves that were grown in full sunlight (the control, C-set) ( Figure 4 , Table 2 ).
Stomatal responses to blue and green lights
Following the stabilization of stomatal conductance in the saturating red light, the other lights-blue, green, or blue + greenwere switched on. In response to blue light or to blue + green light, stomatal conductance increased in all of the leaves. The stomatal responses were analysed according to the spectral regions that were affected by the different filters. We found that the responses of those leaves that had been grown under the full-spectrum intensity decreasing (neutral) shade (I-set) were similar to those of the control set leaves. Also, the responses by light intensity decreasing plus UVAB-attenuating shade-grown leaves (IAB-set) and leaves grown in full vegetational shade (IABW-set) were similar to those of only UVAB-attenuating shade-grown leaves (AB-set). In contrast, the stomatal responses of all three sets that had been grown in attenuated UVAB (AB-, IAB-and IABW-sets) were significantly, about onethird faster, than responses by those sets that had been grown under UVAB transmitting filters (C-and I-sets). The responses of those leaves that had been grown under UVB irradiance-attenuating shade (B-set) were faster than those of the C-and I-sets, but not significantly so. The stomatal responses to green light alone were markedly weaker than responses to blue light alone or blue + green light. In most cases, stomatal conductance increased slightly in response to the green light. In some cases, conductance either did not change or it even decreased, but the mean response was still positive in all sets. However, the response to green light alone did not depend significantly on the filters under which the leaves had been grown ( Figure 5 , Table 2 ).
Stomatal anatomy
The characteristics of the stomatal size of the shade-sets were similar to those of the sun-grown set. The mean values (μm) of Figure 4 . Rates of increase in stomatal conductance of~3 h darkacclimated leaves of the six sets in response to switching on saturating red light. Means ± SE, n = 26-28. Means per filter frame (growth condition × block, the true experimental units) for each measuring condition were used in statistical analyses. In total, 324 individual observations were taken, 162 corresponding to treatments other than saturating red light by itself.
Tree Physiology Online at http://www.treephys.oxfordjournals.org the size characteristics were: stomatal pore length: 12.8; width of (closed) stoma: 16.1; stoma perimeter: 72.3. The SD and SI varied remarkably more than the stomatal size between the different sets. The density and index tended to be lower in the shade-grown sets than in the sun-grown (control) set. They were most remarkably (but still not significantly) lower in the IAB-and IABW-sets ( Figure 6 ). The correlations of the SD and the SI with the characteristics of stomatal size were not significant. Stomatal blue light sensitivity was negatively correlated with SD (r Pearson = −0.84, P = 0.035) and SI (r Pearson = −0.82, P = 0.047) for the sets. All other correlations between stomatal light sensitivities and the anatomical characteristics of the sets were not significant (P > 0.05).
Discussion
Acclimation of stomatal red light response
The effect of red light on stomata is mainly realized through the process of photosynthesis. The apparatus of photosynthesis absorbs light and transforms its energy into a photosynthetic CO 2 fixation. The subsequent decrease in [CO 2 ] of leaf intercellular spaces (Roelfsema et al. 2002 , Araújo et al. 2011 , and the increase in photosynthetic electron transport and the carbon assimilation processes balance (Messinger et al. 2006 , Busch 2014 , are signals that serve to increase the level of opening for stomata. We found that stomatal red light sensitivity had not been changed either by full vegetational shade or by the separated components of such shade. Therefore, the modification of the photosynthesis-mediated light response is not used in stomatal acclimation to vegetational shade in T. cordata. This result is not consistent with our data when it comes to another relatively shade-tolerant deciduous tree N. alpina. In N. alpina, the stomatal red light response significantly increased under the vegetational shade, and increased almost as much under UVAB-attenuating shade (Aasamaa and Aphalo 2016) . Therefore, our results highlight the fact that the acclimation of stomatal red light response to vegetational shade is speciesspecific, even among the species with a similar shade tolerating strategy. ), or blue light with fourfold stronger green light (blue 75 μmol m −2 s −1 and green 300 μmol m −2 s −1 ). Means ± SE, n = 4-12.
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Acclimation of stomatal blue light response
Blue light also affects stomata through photosynthesis, in the same way as does red light. Yet in addition to this, the blue light has a specific 'blue light effect' through light receptors outside the photosynthesis apparatus (Christie 2007 , Möglich et al. 2010 , Boccalandro et al. 2012 , Herbel et al. 2013 . Just this non-photosynthetic effect is treated as the blue light effect in this study. In order to separate the non-photosynthetic blue light effect from the general, photosynthesis-mediated effect of light, we switched on the blue light just after the end of the photosynthesis-mediated stomatal opening.
We found that stomata of T. cordata responded to blue light both in sun-grown and shade-grown leaves. The existence of the specific blue light response in all the different growth environments indicates that this method of decreasing the stomatal limitation of leaf CO 2 uptake (Shimazaki et al. 2007 ) has great importance in this species. As the blue light sensitivity differed between leaves that had been grown in different growth environments, we conclude that the modification of just the blue light response is used in this species in stomatal acclimation to the growth environment. The stomatal acclimation was similar in N. alpina-the blue light response was significantly stronger in vegetational shade-grown than it was in sun-grown leaves. As an aside, the blue light response was nearly absent in the sungrown N. alpina (Aasamaa and Aphalo 2016) . Therefore, the increased blue light response belongs to the shade acclimation strategy of more than one shade-tolerant species. The modification of the blue light response can be more typical than a modification of the general photosynthesis-mediated light response in stomatal acclimation to different growth environments. Our current results also demonstrate that the blue light response is not only switched on/off, but also it is possible to increase/decrease it significantly in the process of acclimation.
We found that the stomatal blue light response was significantly increased in those leaves that had been grown in full vegetational shade, but it was a similar case in leaves grown only without UVAB irradiance. Therefore, a component of the vegetational shade-'attenuated UVAB irradiance'-is very efficient in stimulating the 'vegetational shade mode' stomatal blue light sensitivity in T. cordata. As 'attenuated UVAB irradiance' had a similarly strong effect also on the stomata of N. alpina (Aasamaa and Aphalo 2016) , the high efficiency of this component of vegetational shade cannot be species-specific, but should be a more general phenomenon. At least amongst deciduous trees, the shading of the UV-rich midday sun is most likely to be one of the most efficient factors when it comes to acclimating stomatal sensitivity into the high, 'vegetational shade mode' sensitivity level.
We also found that in leaves that had been shaded from UVB irradiance alone, stomatal blue light sensitivity was not significantly higher than it was in sun-grown leaves. Therefore, UVA is also required to be strongly attenuated in the growth environment in order to significantly modify the stomatal light sensitivity of T. cordata. Other species need to be studied in the future in order to decide whether the effects of UVA and UVB on the light sensitivity are species-dependent or more general in plants. Relations between the acclimation effects of solar UVB and UVAB blocking filters have been found to be variable in the various characteristics of plants. The effect of a UVAB filter has been reported to be stronger (Krizek et al. 1997 , Casati and Walbot 2003 , Wargent et al. 2009 ), similar (Amudha et al. 2005 , Kotilainen et al. 2009 , Shine and Guruprasad 2012 or even in opposition (Kadur et al. 2007 , Kotilainen et al. 2008 , Morales et al. 2010 ) when compared with the effect of a UVB filter. Yet the effects of solar UVB and UVAB blocking filters and the relations between these effects have also been shown to be variable when it comes to the same characteristic-they differ in locations that have a different climate. For example, in the temperate zone, the acclimating effects of both the filters on (the stationary values of) stomatal conductance have been insignificant (Kolb et al. 2001 , Wargent et al. 2011 , Robson et al. 2015 , but in India the UVAB filter usually increased stomatal conductance more than did the UVB filter (Kataria et al. 2013, Kataria and Guruprasad 2014) , and in northern Greenland both filters decreased stomatal conductance by the same extent (Bredahl et al. 2004) . Therefore, our result, which shows that solar UVA and UVB irradiances have decreasing and additive effects on stomatal blue light sensitivity, should be treated only within the context of other data for the temperate zone. Interactions between the effects of solar UVA and UVB in different geographical zones need to be studied in much more detail.
We found that, similarly to with N. alpina (Aasamaa and Aphalo 2016), the decreased light intensity in the growth environment did not change the 'full sun mode' stomatal blue light sensitivity in T. cordata. Moreover, we found in the present study that decreased light intensity also did not vary the high stomatal sensitivity developed under UVAB-attenuating shade. That is, the decreased light intensity in the growth environment is inefficient when it comes to modifying both the low 'sun mode' and the high 'shade mode' stomatal sensitivities. We propose that the relative stability of light (i.e., the absence of sunflecks caused by moving vegetation) under natural neutral shades is the reason for the inefficiency of this component of shade when it comes to modifying stomatal light responses.
Acclimation of stomatal green light response
Green light also influences stomata in two different waysthrough the process of photosynthesis and through nonphotosynthetic receptors of green light (Shimazaki et al. 2007 , Wang et al. 2008 . Just the photosynthesis-independent effect of green light was measured (by switching on the green light after the end of photosynthesis-mediated stomatal opening), and this was defined as the specific 'green light effect' referred to here.
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We found that the green light (added on the red-light background) slightly increased stomatal conductance in all of the various sets. Previous studies have shown a remarkable speciesspecificity in the non-photosynthetic effect of green light alone on the stomatal aperture. In Arabidopsis thaliana, Vicia faba, Paphiopedilum hybrids and Helianthus annuus, the effect has been mildly positive (i.e., increasing); in Allum cepa, Commelina communis, Pisum sativum, Nicotiana tabacum, Nicotiana glauca, B. pendula and N. alpina, no effect has been detected; in Hordeum vulgare, the effect has been negative (Talbott et al. 2002a , 2002b , Wang et al. 2011 , Aasamaa and Aphalo 2016 . Therefore, T. cordata belongs to the group of species for which stomatal conductance is increased non-photosynthetically by the green light alone. Yet as the increase was similar in all of the various sets, we conclude that acclimation to vegetational shade does not take place through a modification of the nonphotosynthetic influence of green light in this species.
In the early 2000s, a set of brilliant studies was published in which it was demonstrated that green light has a strong effect on blue-light-stimulated stomatal opening. The effect of green light was dependent upon the ratio of blue and green light intensities. If the intensities of blue and green lights were equal, the effect of green + blue light was weaker by half than the effect of blue light alone. A green light that was doubled in intensity completely inhibited the blue-light-stimulated stomatal opening (Frechilla et al. 2000 , Talbott et al. 2002a , 2002b ). Yet we found in our previous study that green light was unable to change the blue-light-stimulated stomatal opening in full vegetational shade-grown leaves of N. alpina. In leaves grown under UVABattenuating shade, the green light reversal effect appeared more clearly in weak light (30:15 µmol m −2 s −1 green:blue) than it did in those light intensities that are more common in field conditions-in moderate light (Aasamaa and Aphalo 2016) . Therefore, the green light effect on blue-light-stimulated stomatal opening was investigated in more depth in the current study. We found that green light affected the blue-light-stimulated stomatal opening in T. cordata even less than it did in N. alpina. The blue light effect was only slightly decreased, although the green:blue proportion was at 2:1, or even when it was as great as 4:1. To sum up, the green light reversal of stomatal blue light response existed only in one set of N. alpina (Aasamaa and Aphalo 2016) and was almost entirely absent in T. cordata.
One reason for the discrepancy between the previous and current studies could be in the choice of species. Herbaceous plant species were used in the previous studies, and woody plant species were measured for the first time in our studies. Herbaceous and woody plants differ in several morphophysiological characteristics (e.g., Wang et al. 2012 , Chai et al. 2015 , Niinemets et al. 2015 . We hypothesize that the tendency to almost switch off the green light reversal of stomatal blue light response could also be one of the peculiarities of woody plants. Another hypothesis could be formulated, which suggests that the green light reversal is weak only in the saplings but is switched on in some position(s) of differentiated foliage of tall trees. These hypotheses need to be probed in future studies.
Another reason for the discrepancy between the previous studies and ours could be the different growth environment of the plants that were studied. The plants in the previous studies were grown in a growth chamber (Talbott et al. 2003 (Talbott et al. , 2006 or in a greenhouse (Frechilla et al. 2000 , Talbott et al. 2002a , 2002b ). Yet our studies are the first to use plants that had been grown in field conditions. It has often been shown before that several characteristics (including stomatal characteristics) differ significantly even between plants of the same species that have been grown in a greenhouse and those that have been grown in the field (e.g., Matthews 1986 , Hakala-Yatkin et al. 2010 , Medeiros and Pockman 2014 . We hypothesize that the green light reversal of stomatal blue light opening could be one of the characteristics of 'affluent society' plants. That is, the green light reversal could preferentially exist in leaves that have developed in unstressed and stable conditions-such as are commonly the conditions in greenhouses and growth chambers. It is possible that rapid stomatal opening is too important to be inhibited in any way, even in plants that are growing in unstressed but still unstable (due to fluctuations in temperature, air humidity and wind) field conditions. This hypothesis also needs probing more deeply in the future. In any case, our results suggest that the role of green light as an inhibitor of blue-light-stimulated stomatal opening could be minor when it comes to woody plants that are growing in the field.
Acclimation of stomatal anatomy
We found that stomatal anatomical characteristics were quite similar in leaves that had been grown in different light environments. We conclude that the shade acclimation of T. cordata leaves does not include changes in stomatal size. The SD and SI values of full vegetational shade-grown and also in IAB-shadegrown leaves were still remarkably smaller than those in the sungrown set. Therefore, the differentiation rate of T. cordata foliar cells into stomatal guard cells depends more than the growth of the cells on the light environment. The relations between the phenotypic plasticities of SD (or SI) and stomatal size have not been consistent (Giday et al. 2014 , Stojnić et al. 2015 ). Yet SD and/or SI have always differed more than stomatal size between sun-grown leaves and vegetational shade-grown leaves of woody plants (e.g., Ashton and Berlyn 1994 , Sack et al. 2003 , Gratani et al. 2006 . Therefore, our results about the higher plasticity levels of SD and SI in acclimation of T. cordata stomatal anatomy to vegetational shade are consistent with previous knowledge.
However, we also found that although the two components of vegetational shade-decreased light intensity and attenuated UVAB irradiance-were not able to change SD and SI values on their own, together they invoked as a big decrease in SD and SI as was done by full vegetational shade. This result highlights the fact that the effect of the different components of vegetational shade is not only simply additive, but can also be synergistic. Enhancement by the effect of another component of shade is needed to generate the change in phenotype. Examples of analogous synergism between the acclimation effects of light environment components can also be found in other studies (Johkan et al. 2012 , Cope and Bugbee 2013 , Avercheva et al. 2014 ; however, the synergistic effect on stomatal acclimation is found for the first time in our study. The decreased light intensity and the attenuated UVAB irradiance did not have a synergistic effect on the acclimation of stomatal light sensitivities. Therefore, we conclude that the pattern of mutual effects in the components of vegetational shade is different in terms of the acclimation of stomatal anatomical and physiological characteristics.
Relations between acclimations of stomatal anatomy and light responses
Due to the decreased SD and SI, and increased blue light sensitivity in the IAB-and IABW-sets, it is possible to draw a significant negative correlation between these anatomical and sensitivity characteristics of stomata. However, it is still reasonable to expect that just the opening of a large number of stomatal apertures allows for a greater and more rapid increase in leaf gas exchange than does the opening of a small number of stomata. In addition, it is remarkable that in the AB-set, the stomatal blue light sensitivity was also significantly increased, but SD and SI were as high as those in the sun-grown set. Therefore, it is rather improbable that there is any mechanistic link between a low number of stomata and the high stomatal blue light sensitivity of the IAB-and IABW-sets. We suggest that the generally negative correlation of SD and SI with stomatal blue light sensitivity in the sets is not functional. The increased blue light sensitivity of the AB-, IAB-and IABW-sets is not supported by the accordant acclimation in stomatal numbers and sizes. Only changes in physiological and biochemical traits have most likely determined the increase in stomatal light sensitivity levels.
It has been calculated that small, densely located stomata can respond more rapidly to environmental changes than can large, sparse stomata (Drake et al. 2013 , Lawson and Blatt 2014 , Raven 2014 . It has also been measured that in the species with high stomatal sensitivity levels, the SD is really higher (Drake et al. 2013 , Kröber and Bruelheide 2014 , Lawson and Blatt 2014 and stomatal guard cells are smaller (Franks and Farquhar 2007 , Drake et al. 2013 , Lawson and Blatt 2014 than in the species that have low stomatal light sensitivity levels. The negative correlation between the stomatal size and sensitivity has also been found amongst the introgression lines of two species (Fanourakis et al. 2015) and the cultivars of one species (Giday et al. 2013) . However, the relationship between the acclimation of stomatal sensitivity and anatomy to different growth environments has been found to be more variable. In some cases, growth environments that had increased stomatal sensitivity had increased SD (Haworth et al. 2015) and had decreased stomatal size (Giday et al. 2014 , Haworth et al. 2015 ). Yet in other cases, the results have been similar to ours. That is, growth environments that had increased stomatal sensitivity had decreased, or had unchanged, SD (Giday et al. 2014 , Haworth et al. 2015 and unchanged stomatal size (Poudel 2013 , Haworth et al. 2015 . Therefore, it is questionable whether stomatal anatomy has an important role in supporting the differences in stomatal sensitivity between plants (of the same species) that have been grown in different environments. The role of stomatal anatomy as a significant accelerator of stomatal light sensitivity is being further questioned based on our results.
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